Patterns of Distribution of Estuarine Organisms and their Response to a Catastrophic Decrease in Salinity by Larsen, Peter F.
W&M ScholarWorks 
VIMS Books and Book Chapters Virginia Institute of Marine Science 
1976 
Patterns of Distribution of Estuarine Organisms and their 
Response to a Catastrophic Decrease in Salinity 
Peter F. Larsen 
Follow this and additional works at: https://scholarworks.wm.edu/vimsbooks 
 Part of the Marine Biology Commons 

THE EFFECTS OF TROPICAL STORM AGNES 
ON THE CHESAPEAKE BAY ESTUARINE SYSTEM 
THE EFFECTS OF 
TROPICAL STORM AGNES 
ONTHE 
CHESAPEAKE BAY ESTUARINE SYSTEM 
THE CHESAPEAKE RESEARCH CONSORTIUM, INC. 
The Johns Hopkins University 
Smithsonian Institution 
University of Maryland 
Virginia Institute of Marine Science 
Project Coordinator, Jackson Davis (VIMS) 
Volume Coordinator, Beverly Laird (VIMS) 
Section Editors 
Evon P. Ruzecki, Hydrological Effects (VIMS) 
J. R. Schubel, Geological Effects (JHU) 
Robert J. Huggett, Water Quality Effects (VIMS) 
Aven M. Anderson, Biological Effects, Commercial (U.Md.) 
Marvin L. Wass, Biological Effects, Non-Commercial (VIMS) 
Richard J. Marasco, Economic Impacts (U.Md.) 
M. P. Lynch, Public Health Impacts (VIMS) 
November 1976 
CRC Publication No. 54 
Published for The Chesapeake Research Consortium, Inc., 
by The Johns Hopkins University Press, Baltimore and London 
Copyright © 1977 by The Chesapeake Research Consortium, Inc. 
All rights reserved. No part of this book may be 
reproduced or transmitted in any form or by any means, 
electronic or mechanical, including photocopying, 
recording, xerography, or any information storage and 
retrieval system, without permission in writing 
from the publisher. 
Manufactured in the United States of America 
The Johns Hopkins University Press, Baltimore, Maryland 21218 
The Johns Hopkins Press Ltd., London 
Library of Congress Catalog Card Number 76-4 7392 
ISBN 0-8018-1945-8 
Library of Congress Cataloging in Publication data 
will be found on the last printed page of this book. 
Preface 
During June 1972 Tropical Storm Agnes released record amounts of rainfall on the watersheds of 
most of the major tributaries of Chesapeake Bay. The resulting floods, categorized as a once-in-100-to-
200-year occurrence, caused perturbations of the environment in Chesapeake Bay, the nation's greatest 
estuary. 
This volume is an attempt to bring together analyses of the effects of this exceptional natural 
event on the hydrology, geology, water quality, and biology of Chesapeake Bay and to consider the 
impact of these effects on the economy of the Tidewater Region and on public health. 
It is to be hoped that these analyses of the event will usefully serve government agencies and 
private sectors of society in their planning and evaluation of measures to cope with and ameliorate 
damage from estuarine flooding. It is also to be hoped that the scientific and technical sectors of 
society will gain a better understanding of the fundamental nature of the myriad and interrelated 
phenomena that is the Chesapeake Bay ecosystem. Presumably much of what was learned about 
Chesapeake Bay will be applicable to estuarine systems elsewhere in the world. Most of the papers 
comprising this volume were presented at a symposium held May 6-7, 1974, at College Park, Mary-
land, under the sponsorship of the Chesapeake Research Consortium,Inc., with support from the 
Baltimore District. U.S. Army Corps of Engineers (Contract No. DACW 3 l-73-C-0189). An early and 
necessarily incomplete assessment, The Effects of Hurricane Agnes on the Environment and Organisms 
of Chesapeake Bay was prepared by personnel from the Chesapeake Bay Institute (CBI), the Chesa-
peake Biological Laboratory (CBL), and the Virginia Institute of Marine Science (VIMS) for the 
Philadelphia District, U.S. Army Corps of Engineers. Most of the scientists who contributed to the 
early report conducted further analyses and wrote papers forming a part of this report on the effects 
of Agnes. Additional contributions have been prepared by other scientists, most notably in the fields 
of biological effects and economics. 
The report represents an attempt to bring together all data, no matter how fragmentary, re-
lating to the topic. The authors are to be congratulated for the generally high quality of their work. 
Those who might question, in parts of the purse, the fineness of the silk must keep in mind the nature 
of the sow's ears from which it was spun. This is not to disparage the effort, but only to recognize 
that the data were collected under circumstances which at best were less than ideal. When the flood 
waters surged into the Bay there was no time for painstaking experimental design. There were not 
enough instruments to take as many measurements as the investigators would have desired. There 
were not enough containers to obtain the needed samples or enough reagents to analyze them. There 
were not enough technicians and clerks to collect and tabulate the data. While the days seemed far too 
short to accomplish the job at hand, they undoubtedly seemed far too long to the beleaguered field 
parties, vessel crews, laboratory technicians, and scientists who worked double shifts regularly and 
around the clock on many occasions. To these dedicated men and women, whose quality of perform-
ance and perseverance under trying circumstances were outstanding, society owes an especial debt of 
gratitude. 
It should be noted that the Chesapeake Bay Institute, the Chesapeake Biological Laboratory, and 
the Virginia Institute of Marine Science, the three major laboratories doing research on Chesapeake 
Bay, undertook extensive data-gathering programs, requiring sizable commitments of personnel and 
equipment, without assurance that financial support would be provided. The emergency existed, and 
the scientists recognized both an obligation to assist in ameliorating its destructive effects and a rare 
scientific opportunity to better understand the ecosystem. They proceeded to organize a coordinated 
program in the hope that financial arrangements could be worked out later. Fortunately, their hopes 
proved well founded. Financial and logistic assistance was provided by a large number of agencies 
V 
that recognized the seriousness and uniqueness of the Agnes phenomenon. A list of those who aided 
is appended. Their support is gratefully acknowledged. 
This document consists of a series of detailed technical reports preceded by a summary. The 
summary emphasizes effects having social or economic impact. The authors of each of the technical 
reports are indicated. To these scientists, the editors extend thanks and commendations for their 
painstaking work. 
Several members of the staff of the Baltimore District, U.S. Army Corps of Engineers, worked 
with the editors on this contract. We gratefully acknowledge the helpful assistance of Mr. Noel E. 
Beegle. Chief. Study Coordination and Evaluation Section, who served as Study Manager; Dr. James 
H. McKay. Chief, Technical Studies and Data Development Section; and Mr. Alfred E. Robinson, Jr., 
Chief of the Chesapeake Bay Study Group. 
The editors are also grateful to Vickie Krahn for typing the Technical Reports and to Alice Lee 
Tillage and Barbara Crewe for typing the Summary. 
The Summary was compiled from summaries of each section prepared by the section editors. I 
fear that it is too much to hope that, in my attempts to distill the voluminous, detailed, and well-
prepared pape_rs and section summaries, I have not distorted meanings, excluded useful information 
or overextended conclusions. For whatever shortcomings and inaccuracies that exist in the Summary, 
I off er my apologies. 
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PATTERNS OF DISTRIBUTION OF ESTUARINE ORGANISMS AND THEIR 
RESPONSE TO A CATASTROPHIC DECREASE IN SALINITY1 
Peter F. Larsen2 
ABSTRACT 
The occurrence of Tropical Storm Agnes during an ongoing 
study on the community structure of the macrobenthos associated 
with the James River oyster reefs provided a unique opportunity 
to document the responses of this assemblage to such a distur-
bance. The spatial and temporal patterns of abundance of 18 
important taxa are examined in this paper. Eight species ex-
hibited limited upestuary penetration, six were most successful 
in the upper part of the estuarine segment studied, two were 
most abundant in the mid-section of the study area, and two 
were ubiquitous. In the post-Agnes period, .six species exhibited 
reduced population levels, three experienced population increases, 
three became relatively more abundant at the downestuary sites 
and reduced at the upestuary sites, three became relatively more 
abundant at the upestuary sites and reduced at the downestuary 
sites, while no significant response was shown by three others. 
Hypothetical response categories are advanced to explain 
these responses. The freshet arrived and removed stenotopic 
species (category 1 response) which allowed others to fill the 
void in abundance (category 2 response). Other species essen-
tially extended their range downstream where conditions were 
not optimal but were reduced in their original range because of 
the physiological stress caused by very .Low salinities (category 
3 response). With the return of higher salinities the larvae of 
more stenohaline species settled where there was open space, i.e., 
at the upestuary sites (category 4 response). Some species 
showed no significant changes in abundance (category 5 response). 
INTRODUCTION 
555 
On June 21, 1972, during a year study of the benthic macrofaunal community 
associated with the James River oyster reefs, Agnes crossed the Chesapeake Bay 
drainage basin. The torrential rains associated with this storm caused flooding, 
which on the James River was exceeded only by the flood of 1771. Salinity, below 
normal before the freshet, dropped to zero throughout the normally oligohaline and 
mesohaline estuarine area under consideration. Salinity increased steadily through-
out the summer but normal seasonal values were not attained for the remainder of 
1972. A complete description of the flood and its immediate effects can be found 
in the Chesapeake Bay Research Council (1973) report. 
The Agnes flood occurred immediately after the completion of a season's sam-
pling and allowed documentation of faunal responses to a major natural disturbance. 
Impacts of natural catastrophes of this sort are well recorded in the scientific 
literature (cf. Brongersma-Sanders 1957) but usual!)' the reports do not consider 
the characteristic dynamics of natural systems because of a lack of pre-catastrophe 
data. Recent accounts of the effects of abnormally low salinities on estuarine 
fauna include Thomas and White (1969), May (1972) and Andrews (1973). 
1contributfon No.763, Virginia Institute of Marine Science. 
2Fisheries Research Laboratory, Department of Marine Resources, West Boothbay 
Harbor, Me. 04575. 
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The spatial and temporal patterns of abundance of several important species 
from the oyster reef assemblage are examined in this paper, and based on these 
distributions, hypothetical response categories are advanced to explain the gen-
eral responses of estuarine organisms to freshets. 
MATERIALS AND METHODS 
Eight study sites were selected along the estuarine area in the lower James 
River, the southernmost tributary of the Chesapeake Bay system (Fig. 1). These 
sites encompassed the entire range of physical and biological conditions of the 
productive natural oyster reefs. 
Samples were taken in December 1971 and March-April, June and September 1972. 
The June sampling period ended five days before the passage of Agnes and the Sep-
tember samples were taken about 11 weeks after it. At each site, six 0.0126 m2 
samples were obtained from randomly selected points around a fixed landmark. The 
samples from a surface operated suction sampler (Larsen 1974) were retained in a 
0.5 mm mesh bag. The bags were removed from the sampler, labeled, and placed in a 
MgS04 solution to relax the organisms. Full strength formalin was added after a 
few hours to produce approximately a 5% solution. 
The preserved samples were separated into three size groups, using 9.5, 4.0 
and 1.0 mm screens, to facilitate handling. All organisms were removed from the 
samples, identified and enumerated. Shell-boring animals were recovered by care-
fully fragmenting each shell with pliers. 
Some physical characteristics of these sites, observed during sampling, are 
contained in Table 1, and long term average and post-Agnes salinity regimes are 
presented in Figs. 2 and 3 respectively. As 1971 and 1972 were wet years, the 
isohalines in Fig. 2 are slightly further upestuary than they were in the immediate 
pre-Agnes period. 
Table 1. Physical characteristics of the sampling sites in the James 
River estuarr, Virginia. 
Observed 
Depth Mean Salinity Kilometers 
Site Range (m) DeEth Range (EEt) from mouth 
1 2.1-4.1 3.1 13.8-17.6 18.9 
2 1.8-4.0 2.9 11.5-13.4 21.4 
3 1.5-2.7 1.9 10.4-13.7 25.2 
4 2.7-3.7 3.2 9.5-12.3 29.2 
5 1.2-3.4 2.4 2.0-9.3 35.0 
6 2.7-5.5 3.9 2.1-9.6 35.3 
7 1.8-3.7 2.7 1.6-8.8 37.1 
8 1.4-5.1 2.8 0.7-6.2 42.4 
A preview of the data was undertaken to identify species whose abundance 
and frequency of occurrence were sufficient enough upon which to base conclusions 
about the significance of changes in these parameters. 
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RESULTS 
The 192 samples yielded 142 recognizable taxa. Of the 124 non-colonial taxa, 
18 had the criteria of abundance and frequency of occurrence to justify analysis 
of their distributions. Together they accounted for over 93% of the individuals 
collected. These species were: the coelenterate Diadumene leucolena; the flat-
worm Stylochus ellipticus; the mollucks Mya arenaPia~ Brachidontes recurvus, 
Congeria leucophaeta, and Odostomia irrrpressa; the annelids Streblospio benedicti, 
Polydora ligni, P. websteri, Boccardia hamata, Heteromastus filiformis, Nereis 
succinea, and Peloscolex spp. (includes P. hetero-::haetus and P. gabriellae); the 
crustaceans Cassidinidea lunijrons, Corophiwn lac~stre, Melita nitida, and Balanus 
improvisus; and the tunicate ~vlgula manhattensis. The spatial and temporal abun-
dances of these species are tabulated in Table 2a-r. 
These species exhibited four principal spatial patterns of abundance. Eight 
species, the polychaetes S. benedicti, P. ligni, and H. filiformis, the mollusks 
M. arenaria and 0. irrrpressa, the polyclad S. eUiptieus, the anemone D. leucolena, 
and the tunicate M. manhattensis, were most abundant at the downestuary sites and 
were absent, or present in reduced numbers, at the upestuary sites. Six species, 
the polychaete B. hamata, the crustaceans C. Zunifrons, C. Zacustre, and B. impro-
visus, and the mollusks B. rec!UY'Vus and C. leucophaet;a were most abundant in the 
middle or upper section of the estuarine segment studied and exhibited reduced 
populations toward the downestuary end of the sampling area. The polychaete P. 
websteri and the amphipod M. nitida, had centers of abundance at sites 2-4 with 
reduced population levels throughout the rest of the estuarine segment. The 
annelids N. succinea and Peloscolex spp. were ubiquitous over the study area. 
Several patterns of changes in population levels were noted between June and 
September. Six taxa, S. benedicti, H. filiformis, Peloscolex spp., M. arenaria, 
0. irrrpressa, and D. leucolena all experience definite population declines. M. 
arenaria and D. Zeucolena also suffered range contractions. Remarkable population 
gains were registered between June and September by B. hamata, C. leucophaeta, and 
M. manhattensis, and the latter two also experienced range extensions. C. lacustre 
and B. recurvus exhibited increases in abundance at the four downestuary sites in 
September while maintaining population levels comparable to the levels of previous 
sampling periods at the upestuary sites. Fewer individuals of B. improvisus were 
found at the four upestuary sites in September than in any previous sampling period 
while the second highest population level of the study year was found at the down-
estuary sites in this month. In September, both species of Polydora exhibited 
yearly low population levels at the downestuary sites and yearly highs at the up-
estuary sites. S. elliptieus showed reduced numbers but a wider distribution in 
September relative to June. The abundance and distributions of N. succinea, M. 
nitida., and C. lunifrons were not significantly changed between June and September. 
DISCUSSION 
An attempt is made here to categorize the responses of these 18 estuarine 
species to the sudden and severe physiological stress caused by the Agnes freshet. 
Such categorization is difficult in biological systems (Korringa 1957) as one is 
usually dealing with gradients of response and not a finite number of discrete 
alternatives. There will always be exceptions and borderline cases and the more 
specific a categorization, the more exceptions there will be. Sampling, in this 
case, covered only one yearly cycle and thus allowed no information on the normal 
year to year fluctuations in population levels. Some of the species considered in 
this paper ordinarily exhibit population fluctuations in the summer, but it is 
assumed that in the summer of 1972 these fluctuations were accentuated by the Agnes 
freshet. A significant amount of distributional information has been presented on 
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Table 2. Spatial and temporal abundance of select species in the James 
River oyster assemblage. September samples are post-Agnes. 
Values are the sum of six replicates. 
a) Diadwnene Zeucolena, b) StyZochus ellipticus 
Month Month 
site D M J s site D M J s 
1 90 431 255 54 1 2 0 2 2 
2 516 219 205 0 2 7 1 24 0 
3 882 240 317 23 3 3 0 178 4 
4 483 220 195 4 4 6 2 67 1 
5 0 0 0 0 5 23 0 0 1 
6 0 0 0 0 6 0 0 0 2 
7 0 0 0 0 7 4 0 0 2 
8 0 0 0 0 8 1 0 0 2 
c) Mya ar,ena,r,ia d) Br,achidontes r,ecUY'Vus 
Month Month 
site D M J s site D M J s 
1 32 45 62 4 1 0 0 0 1 
2 39 242 133 1 2 31 38 22 179 
3 6 134 28 1 3 61 29 24 151 
4 15 170 60 0 4 57 65 59 274 
5 0 0 0 0 5 197 34 140 89 
6 0 0 0 0 6 94 4 6 110 
7 0 0 0 0 7 321 836 268 186 
8 0 0 0 0 8 123 14 56 97 
e) Conger,ia leucophaeta f) Odostomia impr,essa 
Month Month 
site D M J s site D M J s 
1 0 0 0 0 1 179 23 51 10 
2 0 0 0 0 2 226 160 123 10 
3 0 0 0 0 3 87 38 70 0 
4 0 0 0 6 4 97 134 128 0 
5 0 0 0 149 5 2 1 0 0 
6 0 0 0 19 6 0 0 0 0 
7 0 1 0 237 7 3 14 2 0 
8 4 0 3 793 8 0 0 0 0 
g) Str,eblospio benedicti h) Polydor,a ligni 
Month Month 
site D M J s site D M J s 
1 16 242 1087 7 1 45 417 330 6 
2 24 256 799 12 2 80 238 588 117 
3 123 101 462 27 3 100 80 826 57 
4 57 121 210 14 4 47 86 528 24 
5 3 0 0 0 5 38 1 9 35 
6 1 0 0 0 6 5 1 0 26 
7 0 0 0 0 7 27 64 17 26 
8 0 0 0 0 8 3 0 0 51 
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Table 2. (Continued) 
i) Polydora websteri J ) Boccardia hamata 
Month Month 
site D M J s site D M J s 
1 7 28 47 0 1 0 19 11 7 
2 55 43 87 30 2 3 1 0 361 
3 153 39 107 35 3 128 27 44 277 
4 59 53 63 12 4 21 20 25 166 
5 10 2 5 39 5 121 17 15 97 
6 6 3 0 6 6 86 16 2 45 
7 6 50 9 22 7 92 101 85 106 
8 2 0 1 3 8 16 2 15 26 
k) Heteromastus fi lif ormi-s 1) Nereis succinea 
Month Month 
site D M J s site D M J s 
1 86 151 146 100 1 36 252 122 28 
2 216 247 184 57 2 96 63 28 151 
3 109 111 108 67 3 254 226 107 329 
4 149 169 84 67 4 186 163 91 214 
5 39 6 13 9 5 259 13 57 88 
6 17 11 2 9 6 23 7 1 32 
7 61 43 38 13 7 76 203 63 88 
8 31 8 9 1 8 37 8 30 33 
m) Peloscolex spp. n) tassidinidea lunifrons 
Month Month 
site D M J s site D M J s 
1 203 584 385 25 1 6 19 5 7 
2 100 280 408 62 2 129 53 37 73 
3 1005 853 605 181 3 276 96 52 145 
4 397 564 266 64 4 74 56 43 73 
5 622 57 68 36 5 495 12 33 90 
6 89 68 2 48 6 27 4 1 2 
7 381 702 77 63 7 214 310 55 39 
8 134 27 104 63 8 209 3 72 54 
o) Corophium lacustre p) Melita niticla 
Month Month 
site D M J s site D M J s 
1 1 2 2 17 1 12 33 33 11 
2 4 0 0 145 2 55 25 102 106 
3 18 1 49 133 3 281 100 733 178 
4 s 1 4 24 4 85 89 297 117 
5 153 9 202 174 5 298 3 23 40 
6 43 19 59 37 6 13 3 0 13 
7 197 177 700 108 7 124 36 21 44 
8 66 13 640 301 8 65 1 30 88 
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Table 2 (Continued) 
q) Balanus improvisus r) Molgula manhattensis 
Month Month 
site D M J s site D M J s 
1 0 0 0 39 1 0 1 1 422 
2 56 12 293 173 2 0 0 0 428 
3 43 16 5567 363 3 0 0 0 21 
4 25 33 3964 695 4 0 0 0 7 
5 3445 76 2148 163 5 0 0 0 0 
6 341 69 58 102 6 0 0 0 0 
7 2016 4330 3254 187 7 0 0 0 0 
8 779 93 452 109 8 0 0 0 0 
these 18 taxa and, despite the above limitations, generalizations derived from 
the data may have far-reaching implications and predictive value in similar future 
situations. 
The first faunal response to the freshet, and the one most often reported 
in the literature, was the decrease in abundance of six species. A summer decline 
in abundance of the soft clam M. arenaria is normal in the Chesapeake Bay due to 
predatory and/or physiological stress (J. Lucy, personal communication). The 
population reductions experienced by the other species showing this type of response, 
however, were probably related more directly to the very low salinities of the imme-
diate post-Agnes period, as four of them had previously exhibited limited upestuary 
penetration. The numerical decrease of H. filiformis between June and September is 
noteworthy since Tenore (1972) reported this species as most abundant and in the 
summer in the Pamlico River estuary, North Carolina. 
The second response category was population increases in the wake of the fresh-
et. The increase in numbers of B. hamata, C. ieuaophaeta, and M. manhattensis was 
caused by the coincidence of their reproductive periods with the recovery of salinity 
levels and the space left open by the decline of many shell-fouling species. 
B. improvisus, C. laaustre, and B. reaurvus exhibited a third response category 
characterized by an atypical, relatively high abundance at the four downestuary sites, 
coupled with a relatively low abundance at the four upestuary sites. A high propor-
tion of the spring set of B. improvisus survived at downestuary sites evidently due 
to reduced biotic stress caused by the decrease in salinity. At the upestuary sites 
salinity was limiting for much of the summer, resulting in abnormally low population 
levels. On the other hand, C. iaaustre and B. reaurvus probably set after the 
freshet peaked. They opportunistically flourished in the open space on the downes-
tuary sites whereas upestuary suboptimal salinities limited recruitment. 
The two species of Polydora exhibited a fourth response pattern to the freshet, 
characterized by a relatively high abundance at the upestuary sites with a below 
normal population at the downestuary sites. Larvae of P. websteri are found in the 
water column throughout the year in Louisiana (Hopkins 1958) and from April to 
August in Maine (Blake 1969) so it appears safe to assume that P. websteri repro-
duces throughout much of the year in the Chesapeake Bay region. Orth (1971) demon-
strated that the peak of P. ligni reproduction occurs in the spring, but significant 
numbers of larvae were still found at the end of May. Larvae of this species occur 
in Maine waters through the end of September (Blake 1969). P. ligni may reproduce 
throughout the warm period of the year as was found for the European species P. 
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ciiiata (Daro & Polk 1973) which Rasmussen (1973) equates with P. ligni. Daro and 
Polk (1973) found that three to four generations of P. ciliata are normally pro-
duced each year; the generations after the first do not show heavy settlement be-
cause of larval mortality and interspecific competition. These data indicate that 
both common species of Polydo:~a found in this study have a potential for recruit-
ment that lasts through the s-wnmei- months. 
The occurrence of the freshet interrupted recruitment of Polydora in the study 
area. This may have been caused by the cessation of adJ,llt spawning, increased lar-
val mortality, or a combination of both. Before successful recruitment was re-
established much of the space on the lower four reefs was utilized by more tolerant 
species, e.g. B. recUPVus and C. lacustre, or by spe(::ies with well-timed reproduc-
tive cycles, e.g. M. manhattensis and B. hamata. Salinities at all sites were at 
yearly highs by late summer. This put the upestuary sites within the optimal sa-
linity range of the Polydora species. As Polydo1,a recruitment resumed, the larvae 
were relatively more successful in settling at the upestuary sites than at the more 
heavily fouled downestuary sites. 
The flatworm S. elliptieus suffered a population loss while experiencing a 
range extension between June and September, which can be considered a modified 
category 4 response. 
A fifth category of response was no significant change. If the species which 
exhibited this response, N. suceinea, M. nitida and C. lunifrons, were affected by 
the freshet, the sampling design was not adequate to demonstrate it. 
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Location of sampling sites in the James River Estuary. 
Common names for these sites are: 
Site 1 - Brown Shoal Site 5 - Point of Shoals 
Site 2 - Thomas' Rock Site 6 - The Swash 
Site 3 - White Shoals Site 7 - Horsehead Shoal 
Site 4 - Wreck Shoals Site 8 - Deepwater Shoal 
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Figure 2. Normal seasonal salinity distribution of the James River 
Estuary. Average from 1944 to 1965 (modified from 
Nichols 1972). 
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Figure 3. Alteration of salinity distribution as a result of 
Hurricane Agnes (modified from Chesapeake Bay Re-
search Council 1973). 
